Attention is not always directed to events in the external environment. On occasion our thoughts wander to people and places distant from the here and now. Sometimes, this lack of external attention can compromise ongoing task performance. In the current study we set out to understand the extent to which states of internal and external attention can be determined using pupillometry as an index of ongoing cognition. In two experiments we found that periods of slow responding were associated with elevations in the baseline pupil signal over three and a half seconds prior to a behavioural response. In the second experiment we found that unlike behavioural lapses, states of off-task thought, particularly those associated with a focus on the past and with an intrusive quality, were associated with reductions in the size of the pupil over the same window prior to the probe. These data show that both states of large and small baseline pupil size are linked to states when attention is not effectively focused on the external environment, although these states have different qualities. More generally, these findings illustrate that subjective and objective markers of task performance may not be equivalent and underscore the importance of developing objective indicators that can allow these different states to be understood.
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Introduction
Attention is not always focused on the external environment; experiences like mind-wandering and daydreaming illustrate situations when cognition is generated based on our factual knowledge of the world, and episodic memories about the people we know and the places we have visited over the course of our lives (Smallwood, 2013; Smallwood & Schooler, 2015; Smallwood et al., 2016) . Although we now know that these experiences make contributions to our well-being (Killingsworth & Gilbert, 2010; Poerio, Totterdell, & Miles, 2013) , can arise either intentionally or spontaneously (Seli, Risko, & Smilek, 2016) , and can compromise ongoing performance (Mcvay & Kane, 2009; Smallwood, McSpadden, & Schooler, 2008) , the intrinsic nature of these experiences has hindered our capacity to understand their contributions to the human condition.
One barrier to the investigation of self-generated states is a reliance on measures of self-report. Introspective evidence allows the internal landscape of personal experience to be described, and participants have been shown to be reliable assessors of their task focus (Mittner, Hawkins, Boekel, & Forstmann, 2016; Seli et al., 2015) . Nonetheless, the requirement that participants must explicitly reflect on the contents of their experience makes it possible that results that are generated in this fashion may alter the nature of the experiences that are being investigated (Konishi & Smallwood, 2016) . One way to understand, and ultimately overcome, these issues, is through the development of indirect markers that could be used as a proximal measure for the occurrence of self-generated thoughts. The current study attempts to address this issue using pupillometry as a covert marker for ongoing cognitive processing.
Prior studies have found that when the baseline diameter of pupils is unusually small or large, attention is not always effectively focused on the external environment. For example, momentary lapses in attention, as indexed by slow response times or errors in performance, are preceded by periods of both large and small baseline pupil size (Gilzenrat, Nieuwenhuis, Jepma, & Cohen, 2010; Smallwood et al., 2011 Smallwood et al., , 2012 Van Den Brink, Murphy, & Nieuwenhuis, 2016; Van Orden, Jung, & Makeig, 2000) . A similar pattern has been observed across studies of mind-wandering, with some finding increased pupil diameter cohttp://dx.doi.org/10.1016/j.cognition.2017.06.006 0010-0277/Ó 2017 Elsevier B.V. All rights reserved.
